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$\Omega\subset \mathbb{R}^{n}$ , $\partial\Omega$ $1<p<+\infty$
$p’=p/(p-1)$
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Example 1.1 $\Omega=(-1,1)\subset \mathbb{R}$ $g_{j}$ : $\Omegaarrow \mathbb{R}$















Example 1.2 $\Omega=(-\pi, \pi)$
$g_{j}(x)=\sin(jx)$
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Riemann-Lebesgue , $h\in L^{1}(\Omega)$
$\lim_{jarrow\infty}\int_{-\pi}^{\pi}g_{j}(x)h(x)dx=\lim_{jarrow\infty}\int_{-\pi}^{\pi}h(x)\sin(jx)dx=0$





$f$ : $\Omega\cross \mathbb{R}^{m}\cross R^{mn}arrow \mathbb{R}$
$I$ : $W^{1,p}(\Omega, \mathbb{R}^{m})arrow \mathbb{R}$





$u_{\min}\in X(v)$ ?( $u_{\min}$ mlnlmlzer
)
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Step 1 $\{u_{j}\}_{j=1}^{\infty}\subset X(v)$
$I(u_{j}) arrow\inf_{u\in X(v)}I(u)$
( $mlnImIzIng$ sequence )
Step 2 $\{u_{j}\}_{j}^{\infty}=-1$ $u_{\infty}\in X(v)$
Step 3 $u_{\infty}$ minimizer
$f$
mlnlmizer





$a|A|^{p}-b\leq f(x, s, \xi)\leq C(1+|s|^{p}+|A|^{p})$ (2.1)
$(x, s, A)\in\Omega\cross \mathbb{R}^{m}\cross \mathbb{R}^{mn}$
$u\in X(v)$ 2









$\{u_{j}\}_{j=1}^{\infty}\subset X(v)$ mlnimizing sequence (2.2)
$\int_{\Omega}\{|u_{j}(x)|^{2}+|\nabla u_{j}(x)|^{p}\}dx$
$\{u_{j}\}_{j}^{\infty}=1$










$x_{0}\in\Omega_{f}s_{0}\in \mathbb{R}^{m},$ $A\in \mathbb{R}^{mn},$ $u\in C_{0}^{\infty}(\Omega)$
$f(x_{0}, s_{0}, \xi)\leq\frac{1}{|\Omega|}\int_{\Omega}f(x_{0}, s_{0}, A+Du(x))dx$ (2.3)
( $f$ quasi-convexity )
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Theorem (2.3)
$\Omega=Q=[0,1]\cross\cdots\cross[0,1]$ $f$ : $\mathbb{R}^{mn}arrow \mathbb{R}$
$u\in C_{0}^{\infty}(Q,$ $\mathbb{R}^{mn},$ $A\in \mathbb{R}^{mn}$ $I$
$Q$ $2^{n}$ cubes $\{Q_{l}^{(1)}\}_{l=1}^{2^{n}}$ $Q_{l}^{(1)}$
$2^{n}$ cubes $\{Q^{(2)}\}_{l=1}^{2^{2n}}$
$\{Q_{l}^{(k)}\}_{l=1}^{2^{kn}}$ $a_{l}^{(\text{ }}$ $Q_{l}^{(k)}$
$u_{k}$ : $Qarrow \mathbb{R}^{mn}$
$u_{k}(x)= \frac{1}{2^{kn}}u(2^{kn}(x-a_{l}^{(k)}))$ $(x\in Q_{l}^{(k)})$
($u_{k}$ $u$ cube )
$\int_{Q_{l}^{(k)}}|\nabla u_{k}|^{p}dx=\int_{Q_{\iota}^{(k)}}|\nabla u(2^{k}(x-a_{l}^{(k)}))|^{p}dx=\frac{1}{2^{hn}}\int_{Q}|\nabla u(x)+A|^{p}dx$
$\int_{Q}|\nabla u_{k}(x)|^{p}dx=\sum_{l=1}^{2^{kn}}\frac{1}{2^{kn}}\int_{Q}|\nabla u(x)+A|^{p}dx=\int_{Q}|\nabla u(x)+A|^{p}dx$
$u_{\infty}\in W^{1,p}(\Omega, \mathbb{R}^{mn})$
$u_{k}arrow u_{\infty}$ in $W^{1,p}(\Omega,\mathbb{R}^{mn})$
$u\in L^{\infty}(\Omega, \mathbb{R}^{mn})$





$I(u_{k})= \sum_{l=1}^{2^{kn}}\int_{\Omega}f(\nabla u(2^{kn}(x-a_{l}^{(k)}))+A)dx=\sum_{l=1}^{2^{kn}}\int_{\Omega}\frac{1}{2^{kn}}f(\nabla u(x)+A)dx$
$= \int_{Q}f(\nabla u(x)+A)dx$
$I(Ax)= \int_{Q}f(A)dx=|\Omega|\cdot f(A)$
$| \Omega|\cdot f(A)\leq\int_{\Omega}f(A+\nabla u(x))dx$
3 Example
$f$ (2.1) $f$ quasi-convex
$I$ $X(v)$ mlnimlzer $f$ quasi-
convex ? $f$ quasI-convex
Theorem 3.1 $f$ : $\Omega\cross \mathbb{R}\cross \mathbb{R}arrow \mathbb{R}$ $f$ (2.2)
$(x_{0}, s_{0})\in\Omega\cross \mathbb{R}$ $f(x_{0}, s_{0}, \cdot)$ convex
$\Omega=(0,1)\subset \mathbb{R}$








Asuumption $u_{1}$ : $\Omegaarrow \mathbb{R}$
$u_{1}(x)=\{\begin{array}{ll}x 0<x\leq 1/21-x 1/2<x<1\end{array}$
($u_{1}$ 2 ) $u_{2}$ : $\Omegaarrow \mathbb{R}$
$u_{2}(x)=\{\begin{array}{ll}x 0<x\leq 1/41/2-x 1/2\leq x<1/2x-1/2 1/2<x\leq 3/41-x 3/4<x<1\end{array}$
($u_{2}$ 4 ) $k\in N$
$u_{k}$








$u_{k}arrow u_{\infty}$ in $W_{0}^{1,4}(\Omega)$
$u_{k}arrow 0$ a.e. in $\Omega$
$u_{k}arrow 0$ in $W_{0}^{1,4}(\Omega)$
$I(0)= \int_{0}^{1}1^{2}dx=1$
$I(0)> \lim_{k}I(u_{k})$
$I$ $W_{0}^{1,4}(\Omega)$ minimizer $u_{\min}$
$I(u_{\min})= \int_{0}^{1}\{u_{\min}(x)^{2}+(|u_{\min}(x)|^{2}-1)^{2}\}dx=0$
’











$(x_{0}, s_{0})\in\Omega\cross \mathbb{R}_{y}^{m}A\in \mathbb{R}^{mn}$
$Qf(x_{0}, s_{0}, A)= \inf\{\frac{1}{|\Omega|}\int_{\Omega}f(x_{0},s_{0}, A+\nabla u(x))dx|u\in C_{0}^{\infty}(\Omega)\}$
$Qf$ $f$ quasi-covexification
quasi-convexification $Qf$
Theorem 4.1 $(x_{0}, s_{0})\in\Omega\cross \mathbb{R}^{m}$
$Qf(x_{0}, s_{0}, A)$
$= \sup$ { $g(A)|g:\mathbb{R}^{mn}arrow \mathbb{R}$ : quasi convex $g(A)\leq f(x_{0},$ $s_{0},$ $A)$ }




Example 4.1 $\Omega_{f}f$ Example3.1 $Qf$
$Qf(s, A)=\{\begin{array}{ll}(A^{2}-1)^{2}+s^{2} |A|>1s^{2} \end{array}$
$|A|\leq 1$










$u_{j}(x)arrow 0$ $x\in(O, 1)$
$u_{\acute{j}}$ $j$ +1 $-1$











Theorem 5.1 ( $W^{1,p}$ Young )
$\{u_{j}\}_{j=1}^{\infty}\subseteq W^{1,p}(\Omega.\mathbb{R}^{m})$ (
) $u\in W^{1,p}(\Omega, \mathbb{R}^{m})$ $\mathbb{R}^{mn}$ $\{\nu_{x}\}_{aex\in\Omega}$
(i) $u_{j}arrow u$ in $W^{1,p}$
(ii) $u_{j}arrow u$ in $L^{p}$
(iii) $\psi$ : $\Omega\cross \mathbb{R}^{m}\cross \mathbb{R}^{mn}$ $\{f(x, u_{j}(x), \nabla u_{j}(x))\}_{j}^{\infty}=1$
$L^{1}(\Omega)$
$\psi(x,u_{j}(x),$ $\nabla u_{j}(x))arrow\int_{R^{mn}}\psi(x,u(x),$ $A$) $d\nu_{x}(A)$ in $L^{1}(\Omega)$
$\{\nu_{x}\}_{a.e}.x\in\Omega$ $\{u_{j}\}_{j}^{\infty}=1$ $W^{1,p}$ Young
Remark 5.1
$u_{j}arrow u$ in $W^{1,p}(\Omega, \mathbb{R}^{m})$
$\nu_{x}=\delta_{\nabla u(x)}$
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$= \int_{I_{j}(+)}\psi(x, u_{j}(x),$ $+1$ ) $h(x)dx+ \int_{I_{j}(-)}\psi(x, u_{j}(x),$ $-1$ ) $h(x)dx$
$arrow\frac{1}{2}\int_{0}^{1}\psi(x, u(x),$ $+1$ ) $h(x)dx+ \frac{1}{2}\int_{0}^{1}\psi(x, u(x),$ $-1$ ) $h(x)dx$
$= \int_{0}^{1}\frac{1}{2}\{\psi(x, u(x), +1)+\psi(x, u(x), -1)\}h(x)dx$




(i) $u_{j}arrow u$ in $W^{1,p}$
(ii) $u_{j}arrow u$ in If
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(i1I) $\psi$ : $\Omega\cross \mathbb{R}^{m}\cross \mathbb{R}^{mn}$ $\{f(x, u_{j}(x), \nabla u_{j}(x))\}_{j=1}^{\infty}$
$L^{1}(\Omega)$





$j \lim_{arrow\infty}\int_{\Omega}\frac{\partial u_{j}^{i}}{\partial x^{\alpha}}(x)h(x)dx=\int_{\Omega}\frac{\partial u}{\partial x^{a}}(x)h(x)dx$
$\nabla u(x)=\int_{R^{mn}}Ad\nu_{x}(A)$
$\lim_{jarrow\infty}\int_{\Omega}f(x,u_{j}(x),$ $\nabla u_{j}(x))dx=\int_{\Omega}\int_{R^{mn}}f(x,u(x),$ $A$ ) $d\nu_{x}(A)dx$
$I$ $\tilde{X}(v)$ $\mathbb{R}^{mn}$
$\nu=\{\nu_{x}\}_{a.e.x\in\Omega}$
$\{u_{j}\}_{j}^{\infty}=1\subset W^{1,p}(\Omega, \mathbb{R}^{m})$ $u\in W^{1,p}(\Omega, \mathbb{R}^{m})$
(i) $u-v\in W_{0}^{1,p}(\Omega,\mathbb{R}^{m})$
(ii) $\{\nabla u_{j}\}_{j}^{\infty}=1$ $\nu$
(iii)
$\nabla u(x)=\int_{R^{mn}}$ A $d\nu_{x}(A)$
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$\tilde{I}:\overline{X}(v)arrow \mathbb{R}$
$\tilde{I}(\nu)=\int_{\Omega}\int_{R^{mn}}f(x,u(x),$ $A$ ) $dl\text{ _{}x}(A)dx$
Remark 5.2 Example 3.1 $I$ (5.1) $\nu$
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